. This ball of cells covalently attached glycosaminoglycan (GAG) polysacwas connected to the posterior side of the embryo, as evidenced by the opposite expression of anterior markers such as Hex1 ( Figure 1B; Thomas et al., 1998 ).
)
embryo (H), although Fgf8 ligand is expressed in mutant embryos (F). (C and D) Immunohistochemistry with anti-E-cadherin antibodies. (CЈ-DЈ) Enlarged portions of (C) and (D). Arrowheads in (C) and (CЈ) point to mesodermal cells of wild-type embryos, which do not express E-cadherin. In lzme mutants (D-DЈ), the mesenchymal cells that successfully migrated do not express detectable E-cadherin (arrowheads). In contrast, the cells in the center of the ball of cells in the amniotic cavity express E-cadherin (arrow), although they have mesenchymal morphology.
were present in the intronic sequence immediately upin lzme embryos. Heparan sulfate, a polymer of N-acetylglucosamine and glucuronate that is attached to proteostream of the 3Ј splicing site, suggesting that the insertion in Ugdh transcript was the result of aberrant splicglycan core proteins, is an abundant component of the extracellular matrix in mammals. In the gastrulating ing. Analysis of the genomic sequence spanning the seventh intron from lzme embryonic DNA revealed a T mouse embryo, heparan sulfate surrounds all cells and is enriched at the base of the epiblast layer and the to G change at position Ϫ7 of the splice acceptor site, which generated a new AG splice acceptor ( Figure 4B rectly for activity of the Wnt pathway in lzme embryos.
highlighted the entire primitive streak ( Figure 7B ). In E7.5 lzme mutants, TOPGAL activity was detected in TOPGAL is a transgenic reporter mouse strain that expresses ␤-galactosidase under the control of multimerthe proximal streak, at the same location and expression level seen in wild-type embryos ( Figures 7A and 7C ). ized LEF/TCF consensus binding sites. During mouse embryogenesis, TOPGAL is expressed in areas where E7.5 Fgf8 Ϫ/Ϫ embryos also expressed TOPGAL in the proximal streak ( Figure 7D ). Both lzme and Fgf8 Ϫ/Ϫ muWnt ligands are present and the Wnt pathway is active (DasGupta and Fuchs, 1999). The TOPGAL reporter was tants never reached the size of wild-type E8.0 embryos, and we never detected TOPGAL expression throughout expressed in a dynamic pattern during gastrulation (E. Fuchs and B. Merrill, personal communication; Figures the streak in either lzme or Fgf8 mutants. As TOPGAL expression in the mutants was comparable to that 7A and 7B). In wild-type E7.5 embryos, TOPGAL activity was detected in only the proximal streak ( Figure 7A) , of size-matched wild-type embryos, we infer that lzme and Fgf8 Ϫ/Ϫ mutants arrested prior to the stage even though the streak extends to the distal tip of the embryo at this stage. In slightly older embryos, expreswhen TOPGAL is active in the entire streak. Because Wnt signaling appeared to be normal in lzme mutants sion extended more distally, and by E8.0, TOPGAL activity the similar cell migration defects in lzme, Fgf8, and Fgfr1 The identity of the proteoglycan core proteins (the mutants raised the possibility that Fgf signaling might substrates for GAG addition) that are required for activaregulate GAG synthesis, we found that heparan sulfate tion of Fgf signaling during gastrulation is not clear. and chondroitin sulfate were present in Fgf8 mutant Syndecan1 is expressed at high levels during gastrulaembryos. We conclude that GAGs are essential for tion (Sutherland et al., 1991) 
GAGs and Fgf Signaling at Other Developmental Stages
Since lzme embryos arrest during gastrulation, we were not able to test genetically whether Fgf signaling is also specifically blocked in the absence of GAGs at later stages in development. However, the correspondence between sites of Ugdh expression and the location of Fgf 
